CURRY, JANET C. (Lever Brothers Research Center, Edgewater, N.J.). Gradient plate bioassay for tyrothricin and its application to dentifrices. Appl. Microbiol. 11:539-541. 1963 Square Falconware phage dishes (Falcon Plastics Co., Culver City, Calif.) were used routinely and are recommended.
Tube dilution methods for the assay of tyrothricin utilize stepwise dilutions of the antibiotic in an appropriate medium seeded with a particular test organism. A method described by Reedy and Wolfson (1950) employed lactalysate broth seeded with Streptococcus faecalis, and the end point was that dilution showing no growth of the organism. The U.S. Pharmacopeia (1955) or American Pharmaceutical Association (1960) methods use Tryptonedextrose broth seeded with a group D streptococcus and a standard curve plotted from average turbidimetric readings of successive dilutions.
The gradient plate method as described by Szybalski (1952) The dishes were placed on an inclined platform (Fig. 1) ; 13.5 ml of Thioglycollate agar were pipetted into each and allowed to harden. The platform was equipped with removable extensions which effected a 1:16 inclination so that the agar hardened into a wedge shape.
A Brewer automatic pipettor was found to be convenient for dispensing base layers of agar, although manual pipetting was satisfactory. An improvement over the use of 25-ml serological pipettes for dispensing 13.5-ml amounts of agar was accomplished by having Bellco Glass, Inc., Vineland, N.J., prepare special pipettes graduated from 11 to 14 ml onily. Eliminationi of extraneous graduations helped to preveint pipettiing errors.
The tyrothricin agar was prepared by mixing 8 ml of a 1-ppm working standard of tyrothricini in 957c alcohol with 80 ml of sterile, liquid Thioglycollate agar in 250-ml flasks. Test samples containing tyrothricin were diluted to an estimated concentration of 1 ppm anid theni mixed with agar in the same manner as was the stanidard. The extensions were removed from the platform, and 13.5 ml of tyrothricin agar were pipetted onito the now level surface. Five replicate plates were prepared per sample. This dilutioni resulted in a gradient plate containing 0.09 ppm of tyrothricin in the standard, and was satisfactory for measuring test solutions containiing 0.07 to 0.11 ppm (75 to 125/7o) of tyrothricini potency. If the potency of the samples was founid to be outside these limits, appropriate dilutions were made, and a confirmatory assay was performed.
After hardeninig of the second layer, a third thini layer (5 to 6 ml) of Thioglycollate agar, seeded with 1 %O S. faecalis, was pipetted onto the surface of each plate and allowed to harden. The dishes were inverted and incubated at 37 C overnight. The width of the uninhibited growth area was measured in millimeters, and readinigs from replicate plates were averaged.
RESULTS AND DISCUSSION
Deviationis between replicates were found to be approximately ± 2 mm wheni the growth was confined to the area between .30 and ;5)0 mm (Fig. 2) . The accuracy diminished toward the outer edges of the plate, owing to the meniscus of the base layer (Fig. 3) .
Dose-response curves (Fig. 4) would require adjustment of dilutions in preparation of gradient plates. The difference shown here, although statistically significant, as evidenced by the standard error, was considered to be minor, resulting only in a 10-mm shift in readings, and required no procedural changes. The technique was successfully applied to measurement of the per cent of tyrothricin in dentifrices and in stock elixirs used in dentifrice production. Formulas for such products can be found in a U.S. patent (Gershon and Neiditch, 1955) . Elixirs (the liquid portion of a dentifrice) were diluted in 95 %/ alcohol to the desired concentration (1 ppm) and tested. Dentifrices, however, must first be slurried in glycerin-propylene glycol to effect a fine dispersion of the solids. An alcohol extract of the slurry was diluted to an estimated concentration of 1 ppm for testing.
During the developmental work, it was found that different base formulations affected the recovery of tyrothricin for assay. As a result of these findings, plus slight differences in potency between batches of tyrothricin, the standard for each dentifrice assay was an alcohol extraction of a laboratory-prepared tyrothricin dentifrice with the same base dentifrice and the same lot of tyrothricin used in the test product. 
